Summary &horbar; The aim of this study was to determine the effect of physiological amounts of insulin without glucoprivation on food intake of dairy cows. Four multiparous Holstein cows at 150 days postpartum were allocated to the treatments, consisting of a 4 h intravenous infusion of: 1) control (saline); 2) insulin (3.41 1 l9/kg); 3) glucose (2.75 mmol/kg); and 4) insulin plus glucose (same dosage). A complete diet was offered ad libitum and the intake behaviour was continuously recorded. The plasma insulin was only slightly increased during the insulin treatment, but the treatments including glucose increased it more. The insulin treatment increased dry matter intake during infusion (+12%; P < 0.07), but the increase was offset during the following 4 h. In contrast, dry matter intake was slightly decreased by insulin during the first hour of infusion (-8%; P < 0.03) when the insulin-induced hypoglycemia was prevented by a concomitant infusion of glucose. The insulin-induced glucoprivation stimulated food intake, whereas glucose availability had no obvious satiating effect in dairy cows.
INTRODUCTION
The respective roles of insulin and glucose in the control of food intake in monogastric animals seem to be clearly established. Experiments carried out on monogastric animals and consisting of injecting a large amount of insulin (Mackay et al, 1940; Booth, 1972) or glucose antimetabolites (Houpt and Hance, 1971; Booth, 1972) have highlighted the role played by a decrease in the availability of cellular glucose in stimulating food intake. On the other hand, the glucose supply to cells by systemic glucose (Janowitz and Grossman, 1948) or insulin administration produces a satiating effect provided its hypoglycemic effects are compensated for (Nicolaidis and Rowland, 1976; Woods et al, 1984 ; Even and Nicolaidis, 1986) .
Experiments carried out on ruminants to study the effect of glucose availability on the control of food intake are less frequently undertaken (Dulphy and Faverdin, 1987) . The first glucose supply experiments performed on small ruminants did not lead to a modification in the food intake (Manning et al, 1959 ; Dowden and Jacobson, 1960; Holder, 1963) . Acute injections of insulin without glucose supply in sheep Deetz and Wangsness, 1981) and dairy cows (Faverdin, 1986) resulted in a very temporary decrease in food intake during the hypoglycemia phase, often followed by a compensatory increase in food intake. However, if this satiating effect resulted from a higher glucose supply to the cells, the same phenomenon should have been observed with the glucose infusion alone. An insulin infusion of several hours without a concomitant glucose supply led to an increase in food intake in sheep (Anil and Forbes, 1980; 
Chemical analyses
The milk was analysed for fat and protein content using infrared analysis (Milkoscan, Foss Electric, Hillerod, Denmark). The fatty acid composition of the cream was determined by gas chromatography as described previously (Bauchard and Duboisset, 1983).
Heparinized plasma was analysed for nonesterified fatty acids (NEFA) using an enzymatic kit (acyl-coenzyme A synthetase, acyl-coenzyme A oxidase method; Wako Chemicals Gmbh, Neuss, Germany). Deproteinized plasma (1 mL of plasma and 2 mL of HCI0 4 by filtration) was analysed for glucose (Trinder, 1969) with an lsamat 8 autoanalyzer (ISA Biologie, Cachan, France) and for urea by a colorimetric diacetylmonoxime procedure with a continuous flux analyser (Technicon Industrial Systems, New York, NY) (Moore and Sax, 1965) .
Plasma from the ethylenediamine-tetracetic acid (EDTA) syringes was used for the insulin radioimmunoassay (Rosselin et al, 1966 , modified by Faverdin, 1985 (table V) .
DISCUSSION
The amounts of insulin were kept at moderate levels in this experiment in order to evaluate the real roles of insulin under physiological conditions. Literature reviews of the effect of insulin on food intake showed that a dose of 3.41 pg/kg was expected to produce a satiety effect (10-20% reduction of DMI) (Dulphy and Faverdin, 1987; Grovum, 1995) . Insulinemia was doubled during the insulin infusion but remained at physiological levels, and the hypoglycemia observed was moderate compared to most of the previous trials (Baile and Mayer, 1968; Houpt, 1974; Nicholson, 1979; Hikosaka et al, 1979; . The amount of glucose infused was determined on the basis of the preliminary trials, in order to restore normoglycemia. The cows were in a less advanced lactating stage during these preliminary trials, which could have induced a higher glucose metabolic clearance rate (Denbow et al, 1986 ). This could explain why during the experiment, a slight hyperglycemia occurred when infusing glucose plus insulin. This intravenous supply of 340 g of glucose on average over 4 h is a large flow for a dairy cow (equivalent to a daily flow of 2 kg of glucose), especially when we consider that with normal mixed diets several studies found no net glucose absorption from the portal drained viscera (Nocek and Tamminga, 1991 ) .
The infusion of glucose by itself induced a strong increase in insulinemia compared with the infusion of exogenous insulin. This result has already been observed in sheep (Hikosaka et al, 1979) , where in order to obtain an insulinic response comparable to that of a glucose infusion, large amounts of insulin had to be infused. The concomitant intravenous supply of glucose and insulin did not have any additive effect on insulinemia. Exogenous insulin was recognized as endogenous insulin in the radioimmunoassay of insulin (Faverdin, 1985) . The absence of a difference in insulinemia observed with glucose and insulin plus glucose treatments could be due to a difference in clearance rate of the endogenous and the exogenous insulin. Nevertheless, the lower glycemia observed with the insulin plus glucose treatment compared with the glucose alone confirms a higher activity of the exogenous insulin.
The milk yield was increased with the treatments including glucose, and the fat and protein contents were decreased by a dilution effect. In contrast, insulin decreased the milk yield. These changes resulted from an increase or a decrease of the plasma glucose availability (Kronfeld et al, 1963) . The treatments including insulin increased the proportion of the odd-numbered fatty acids, probably because of a negative effect of insulin on the hepatic gluconeogenesis and the hepatic utilization of propionate (McDowell, 1983) . However, the minor changes in milk yield and composition did not modify energy requirements and could not interfere with food intake. Whatever the treatment, the lipid metabolism of cows was mainly lipogenetic, as shown by the positive energy balances and very low plasma NEFA levels revealing very limited lipolytic activity.
This experiment was designed to study the possible satiating effect of insulin without glucopenia using a hyperinsulinemic/euglycemic pseudo-clamp. The (Debras et al, 1989) . Moreover, in our experiment with mid-lactating dairy cows, a glucose supplement given during the preferential period of food intake did not modify the food intake parameters. Our results agree with previous data obtained in non-lactating ruminants (Manning et al, 1959; Dowden and Jacobson, 1960; Holder, 1963) .
The slight effect of an increase of cellular glucose availability on food intake in ruminants was also observed in obese Zucker rats. An insulin plus glucose infusion during a 4 h period only slightly decreased food intake whereas normal rats displayed a total satiating effect (48 vs 95% decrease of food intake) (Orosco et al, 1994) . It was considered to be consecutive to the insulin resistance of the Zucker rat. No obvious peripheral insulin resistance exists in the mid-lactating dairy cow (Debras et al, 1989) . The transient effect of glucose availability could rather be explained by the endogenous origin of this nutrient. The feed ration used in this experiment provided a small glucose flow in the small intestine. Glucose, therefore, was mainly provided for the organism by hepatic glyconeogenesis (Casse et al, 1994 (Dulphy and Faverdin, 1987) . In large amounts, insulin quickly induced hypoglycemia and cellular glucoprivation (Baile and Mayer, 1968; Houpt, 1974; . It could either lead to an increase of food intake (Houpt, 1974; or had no effect (Baile and Mayer, 1968; Baile and Martin, 1970; Muller and Colenbrander, 1970; Wangsness, 1980). In physiological amounts, which caused a slight hypoglycemia, acute insulin injection showed a short-term satiating effect that could be due to a large increase in the transport and the use of glucose into the cells Deetz and Wangsness, 1981; Faverdin, 1986) . In this trial, the transient decrease in DMI induced by insulin when glucose was also infused was perhaps due to the combination of the initial injection of insulin when glucose was highly available. Nevertheless, this effect was not always obtained Faverdin, 1986) In lactating dairy cows, the insulininduced glucoprivation stimulated food intake. There was no main effect of insulin infusion when a simultaneous glucose supply prevented hypoglycemia, except a transient reduction of food intake at the beginning of the infusion. On average, glucose infusion did not modify food intake.
